Purpose We compared health-related quality of life (HRQOL) between adult survivors of childhood cancer and siblings by investigating the mediating role of emotional distress on HRQOL assessment, and examining the extent to which emotional distress affected the item responses of HRQOL measures given the same underlying HRQOL (i.e., measurement noninvariance). Methods Cancer survivors (7103) and siblings (390) enrolled in Childhood Cancer Survivor Study who completed the SF-36 measuring HRQOL and the Brief Symptom Inventory-18 measuring anxiety, depression, and somatization were analyzed. Multiple Indicators & Multiple Causes modeling was performed to identify measurement non-invariance related to emotional distress on the responses to HRQOL items. Mediation analysis was performed to test the effects of cancer experience on HRQOL accounting for the mediating role of emotional distress. Results Twenty-nine percent, 40%, and 34% of the SF-36 items were identified with measurement non-invariance related to anxiety, depression, and somatization, respectively. Survivors reported poorer HRQOL than siblings in all domains (ps < 0.05), except for pain. Other than physical functioning and general health perceptions, poorer HRQOL was explained by the mediating role of emotional distress (ps < 0.05). Conclusions Differences in HRQOL between survivors and siblings appear due, in part, to the mediating effect of emotional distress through which cancer experience influences the responses to HRQOL measures. Implications of cancer survivors Interventions to treat emotional distress may improve cancer survivors' HRQOL.
Introduction
With advances in treatment and follow-up care, the 5-year survival rate of childhood cancer has improved from <50% in the 1970s to >80% today [1] . However, childhood cancer survivors are vulnerable to significant late effects inclusive of peripheral neuropathy, cardiovascular, respiratory, metabolic, skeletal, and reproductive disorders resulting from anticancer therapies. The Childhood Cancer Survivor Study (CCSS) reported 62% of adult survivors of childhood cancer ≥1 chronic conditions [2] , and by 50 years old, 53% of survivors had developed a severe, life-threatening, or fatal condition [3] . Late effects can impact survivors' health-related quality of life (HRQOL) [4] which is defined as perceived well-being and capability of performing daily functions [5] .
Most studies comparing HRQOL in adult survivors of childhood cancer to siblings or general populations have revealed that survivors reported poorer HRQOL in physical, psychological, and social domains [4, 6, 7] , though some studies demonstrated equivalent or even superior HRQOL, typically in the psychological domain [4, [7] [8] [9] [10] . Differences in study designs, such as the inclusion of survivors of heterogeneous cancers [7] and the use of different HRQOL measures [11, 12] , might contribute to the mixed findings. However, while the descriptive differences in HRQOL between survivors and controls have been investigated, evidence is sparse regarding the psychological mechanisms through which the cancer experience connects to different HRQOL.
Childhood cancer survivors experience more emotional distress, such as symptoms of anxiety and depression, compared to control groups [13, 14] , and the presence of emotional distress significantly contributes to poor HRQOL [15] . The relationship between the cancer experience and HRQOL may be mediated through or explained by more emotional distress. Additionally, individuals with emotional distress tend to use different internal standards to interpret the meaning of life compared to those without distress, a process known as cognitive bias [16] [17] [18] . An individual with versus without cognitive bias may answer items of HRQOL differently even though both individuals possess the same underlying HRQOL. This bias issue can be tested using measurement non-invariance methodology [19] . In cancer survivors, psychosocial variables (emotional distress, coping skill, etc.) are more important than clinical/treatment variables to explain the variance of HRQOL [15, 20] . Therefore, if more survivors had emotional distress than siblings and emotional distress is associated with bias responding to HRQOL, the comparison of HRQOL between survivors and siblings will be misleading.
The main purpose of this study was to investigate the extent to which emotional distress affects the comparisons of HRQOL between adult survivors of childhood cancer and their siblings enrolled in the original CCSS. The first aim was to test measurement non-invariance related to emotional distress on the responses to HRQOL items. We hypothesize that individuals, regardless of survivors or siblings, who have emotional distress will rate the items of HRQOL measures differently than those who do not have emotional distress. The second aim was to compare HRQOL between cancer survivors and siblings, and specifically include emotional distress as a mediating variable while addressing the influence of measurement non-invariance related to emotional distress on the HRQOL assessment. We hypothesize that differences in HRQOL between cancer survivors and siblings may be due, in part, to the mediating role of emotional distress through which cancer experience influences the responses to HRQOL measures.
Methods

Sample and data collection
This study focuses on adult survivors of childhood cancer and their siblings who were enrolled in the original CCSS; the methodology for data collection in the original CCSS and characteristics of the population have been published previously [21] . Briefly, the original CCSS is a retrospective cohort study of children and adolescents who were treated for cancers at 26 medical centers in the USA and Canada. Individuals who were under 21 years old of age; were diagnosed between 1970 and 1986 with leukemia, central nervous system malignancy, Hodgkin lymphoma, non-Hodgkin lymphoma, kidney cancer, neuroblastoma, soft tissue sarcoma, or malignant bone tumor; and were survived five or more years from diagnosis were recruited. Of 20,691 eligible survivors, 14,363 were enrolled in the CCSS cohort. Among a random sample of 5857 siblings of survivors, 3899 were enrolled. This current study utilizes data collected from a follow-up survey (2002) (2003) (2004) (2005) in which 9308 survivors and 500 siblings (out of 2951) were eligible, and 7103 survivors and 390 siblings completed the survey. The protocol was approved by Institutional Review Boards at the 26 participating institutions with participants providing informed consent.
Measures
Emotional distress was measured using the Brief Symptom Inventory-18 (BSI-18) [22] . The BSI-18 captures three domains of emotional distress, depression (six items), anxiety (six items), and somatization (six items) that the participants have experienced during the past 7 days. The raw domain score for each participant was calculated by summation of item scores ranging from 0 to 24, with higher scores indicating higher symptom levels. Raw domain scores were also converted to T scores based on US population norms, and a cutoff of ≥63 was used to indicate clinically meaningful emotional distress for each domain. HRQOL was measured using the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) [23] . The SF-36 captures eight domains of HRQOL, including physical functioning, role limitations resulting from physical health problems, bodily pain, general health perceptions, vitality, social functioning, role limitations resulting from emotional problems, and mental health, that the participants have experienced during the past 4 weeks. The domain scores for each participant were calculated by a summation of observed item scores as well as a latent approach of structural equation modeling, with higher scores indicating better HRQOL.
Analytic framework
Chi-square tests were conducted to compare the differences in meaningfully elevated emotional distress (T scores ≥63, %) [22] between cancer survivors and siblings. t tests were conducted to compare the differences in HRQOL scores between cancer survivors and siblings. t tests were also conducted to compare the differences in HRQOL scores between those with and without emotional distress.
Uniquely, this study used the framework BMultiple Indicators & Multiple Causes-Mediation Model (MIMIC-MM)^to address two fundamental measurement issues (measurement noninvariance [19] and mediation effects [24] ) when comparing HRQOL between cancer survivors and siblings. Measurement non-invariance occurs when the individuals from subgroups (e.g., individuals with and without distress) rate a categorical item unequally given the same underlying HRQOL (e.g., physical functioning) the item intends to measure. Evidence of measurement non-invariance in HRQOL assessment suggests problematic construct validity of HRQOL measures, leading to misinterpretation of HRQOL comparisons between subgroups.
A MIMIC model extended from a general structural equation modeling was conducted to investigate measurement noninvariance related to emotional distress. Figure 1 displays a simplified MIMIC-MM framework that postulates the associations between items measuring the underlying HRQOL, and the linkage between the status of emotional distress and the responses to HRQOL items. Measurement non-invariance is evident if there is a significant association between emotional distress and the responses to individual HRQOL items given the same underlying HRQOL [19] . In contrast, measurement invariance is observed if there are no significant associations between emotional distress and individual HRQOL items. Measurement invariance implies any differences in emotional distress corresponding to HRQOL item responses operate directly through the underlying HRQOL, yet it does not suggest the underlying HRQOL is invariant between subgroups.
After measurement non-invariance was tested in a specific HRQOL domain, mediation analysis based on structural equation modeling was implemented to explicate the mechanism underling the relationship between the cancer experience and individual HRQOL domains via the inclusion of a mediating variable (i.e., emotional distress). A mediation model explicitly analyzes the indirect effect of the cancer experience on HRQOL through the process of emotional distress other than a direct relationship between the cancer experience and HRQOL [24] . The estimated direct and indirect effects of having had cancer on HRQOL could be biased if measurement non-invariance exists yet is not taken into consideration.
We developed a set of MIMIC-MM schemas, each focusing on individual domains of emotional distress and HRQOL using the following steps. In the first step, all paths between individual domain of emotional distress and each item from individual HRQOL domain were constrained to zero, and modification indices (MIs) were examined to suggest the improvement of model fit when specific paths were freely estimated. In the second step, starting with the largest MI, an individual pathway was added to the model in the first step one at a time until no MIs were >3.84 (df = 1) (path 1 in Fig. 1 ). In the third step, model fit improvement was tested using the indices of Root Mean Square Error of Approximation (RMSEA) <0.06 and Comparative Fit Index (CFI) >0.95 [25] .
Within the MIMIC-MM framework ( Fig. 1 ), direct effect was estimated by the coefficient of the path from the cancer experience to HRQOL (path 2). Indirect effect was estimated by multiplying the coefficient of the path from cancer experience to emotional distress (path 3a) and the coefficient of the path from emotional distress to HRQOL (path 3b). The total effect of having experienced cancer on specific domain of HRQOL was estimated by a summation of direct and indirect effects. Implementing MIMIC-MM will improve the estimation of direct and indirect effects of cancer experience on HRQOL because the influence of measurement non-invariance related to emotional distress on HRQOL item responses is taken into consideration (i.e., the estimated associations in path 1). Potential confounding variables including age, sex, education, and household income were included.
MIMIC-MM analyses were conducted in Mplus 7.11 using the Mean and Variance-Adjusted Weighted Least Squares Extraction procedure which is a robust estimator for data with categorical response categories. The remaining analyses were conducted using STATA 13.1. 
Results
Sample characteristics
Of 7493 participants, 7103 were survivors of childhood cancer and 390 were siblings. The mean age was 32 years in survivors and 34 years in siblings. Survivors and siblings had equal distribution by sex. The mean time since cancer diagnosis was 32 years, and the most common primary cancer diagnoses included leukemia (33%), lymphomas (22%), and central nervous system tumors (11%). The majority of survivors had received chemotherapy (80%), followed by radiotherapy (66%) and amputation (7%) ( Table 1) . Participants with more symptoms of anxiety, depression, and somatization reported significantly poorer HRQOL on all domains of the SF-36 than those who reported less emotional distress (all ps < 0.001) ( Table 2) .
Items of the SF-36 with measurement non-invariance related to emotional distress
Overall, 10 (29%), 14 (40%), and 12 (34%) of the SF-36 items were identified with measurement non-invariance associated with anxiety, depression, and somatization, respectively. Interestingly, over 50% of the measurement non-invariance items related to symptoms of depression (57%) and somatization (58%) were presented in a negative direction. For example, the magnitude of measurement non-invariance for BPF10: Bathing or dressing( physical functioning) associated with depression was −0.103, meaning that participants with more depression symptoms tend to report more problems in performing bathing or dressing than those with less depression symptoms given the same underlying physical functioning. In contrast, over 50% of the measurement non-invariance items related to anxiety (70%) were in a positive direction. For example, the magnitude of measurement noninvariance for BGRH3: I am healthy as anybody as I know^(general health perception) associated with anxiety was 0.061, meaning that participants with more anxiety symptoms tend to perceive healthier than those with less anxiety symptoms given the same underlying general health perceptions. The positive direction of measurement non-invariance items related to symptoms of anxiety, depression, and somatization was commonly observed on vitality domain (item labels: RVT1, RVT2, and VT4) ( Table 3) . Effect of the cancer experience on HRQOL through emotional distress using MIMIC-MM Using structural equation modeling, the estimated total effects suggest that cancer survivors experienced significantly poorer HRQOL in seven domains (i.e., physical functioning, role limitations due to physical health problems, general health perceptions, vitality, social functioning, role limitations due to emotional problems, and mental health; all ps < 0.05) than siblings except for bodily pain (p = 0.06). However, the total effect of cancer on HRQOL was greatly explained by the mechanisms (i.e., mediating/indirect effects) of emotional distress rather than by the direct contribution of having been diagnosed and treated for cancer. The magnitude of the indirect effects of cancer experience on all domains of HRQOL through three emotional distress domains were all significant (p < 0.05), whereas the direct effects of the cancer experience were only significant on physical functioning and general health perceptions (p < 0.05). For example, compared to siblings, cancer survivors reported more role limitations due to physical health problems (total effect, −0.046; p < 0.001) which was directly contributed by the cancer experience (direct effect, −0.024; p > 0.05) and the mechanism of depressive symptoms (indirect effect, −0.022; p < 0.05). This mechanism was further evident by the fact that having cancer was associated with greater depression (0.048; p < 0.05), and greater depression was associated with greater role limitations due to physical health No items were identified with measurement non-invariance in domains of bodily pain and social functioning. Standardized estimates reflect strength of the association between the specified HRQOL item and individual distress domains. Since higher scores represent more emotional distress and better HRQOL, a negative sign indicates that the participants with more emotional distress likely to rate lower item scores on HRQOL domains (i.e., poorer HRQOL) than those with more emotional distress given the same underlying HRQOL.
*p < 0.05; **p < 0.01; ***p < 0.001 problems (−0.464; p < 0.001). Adjustment for measurement noninvariance did not significantly change the magnitude and direction in the associations of the cancer experience with HRQOL versus non-adjustment. However, adjusting for measurement non-invariance improved the indices of model fit to a satisfactory level (RMSEA < 0.06, CFI > 0.95) ( Table 4) .
Discussion
We recently have reported that 96% of childhood cancer survivors develop at least one chronic health conditions by age 45 years [26] . Preserving suboptimal functional status and HRQOL in this high risk population is an important clinical concern. Using the same dataset from the original CCSS (a follow-up survey 2002-2005), both previous [7] and present studies found that childhood cancer survivors experienced significantly elevated emotional distress and poorer HRQOL than their siblings except for bodily pain. Using the MIMIC-MM methodology, the present study further demonstrate stronger indirect effects of cancer experience through the mechanisms of emotional distress symptoms (anxiety, depression, and somatization) on all HRQOL domains (except for physical functioning and general health perceptions) relative to the direct effects. The evidence of indirect effects suggests that poorer HRQOL in cancer survivors than siblings was governed by the presence of different emotional distress. Emotional distress is a critical problem in cancer survivors who face prolonged uncertainty about prognosis such as cancer recurrence and late effects. Dalton and colleagues reported a 1.2-to 3.1-fold risk of developing depression in Danish adult cancer survivors 1 year after cancer diagnosis compared to those without cancer, and the risk fell slowly over 10 years of follow-up [27] . Mitchell and colleagues found that cancer survivors had a 1.1-to 1.5-fold risk of developing anxiety compared to healthy controls, and the risk was higher for >10 years after diagnosis than <2 years [28] . Psychiatric disorder or emotional symptoms can negatively impact HRQOL [29] . We previously reported that emotional symptoms were most significantly associated with poorer HRQOL compared to other symptoms such as cardiac and pulmonary symptoms [15] . Nevertheless, these previous studies regarded emotional distress and HRQOL as two distinct outcome variables or considered emotional distress as a confounding variable on the association of cancer experience with HRQOL. This line of earlier research neither explains why some cancer survivors reported better or worse HRQOL than controls, nor does it inform the design of interventions to improve HRQOL.
A uniqueness of this study is the evaluation of measurement non-invariance in responding to HRQOL items. The direction of measurement non-invariance related to emotional distress on the HRQOL item responses was mixed. We found that more than 50% of HRQOL items with measurement non-invariance related to depression and somatization, respectively, were in a negative direction, meaning the participants with higher level of distress likely to rate lower item scores on HRQOL measures than those with lower distress given the same underlying HRQOL. Psychological research in information processing suggests that depression-prone individuals tend to hold negative schemata; when the life is affected by stressful events (e.g., cancer), negative schemata produce cognitive bias in attention, interpretation, and memory for self-relevant information [16] . Specifically, depressed individuals may possess selective attention for negative information [30] , interpret emotionally subjective, ambiguous information in a negative manner [31] , and/or have difficulties in inhibiting and shifting negative information in working memory [32] . Cognitive bias may explain a negative direction in measurement non-invariance.
More than 50% of HRQOL items with measurement noninvariance related to anxiety were in a positive direction. A mixed psychological state has been observed in cancer survivors who have an imminent worry at a time of apparent happiness and celebration. After cancer therapies, survivors often develop greater resilience as an adaptive process to manage the prospect of future life [33] . Recent evidence also reveals that individuals with moderate anxiety and depression commonly live with a high level of resilience and benefit-finding [34] , which may explain a positive direction of measurement non-invariance related to emotional distress.
Specifically, we found that the positive direction of measurement non-invariance related to symptoms of anxiety, depression, and somatization was captured by vitality items. This finding can be interpreted by the notion Bfocusing illusion^(one form of cognitive bias), suggesting that individuals with and without health problems may interpret the meaning of HRQOL items differently depending upon the content or description of the items [35] . Since vitality is a vague HRQOL concept, individuals without emotional distress may interpret vitality as a broader daily activity impact related to physical and emotional health and various symptoms. Instead, individuals with emotional distress may envision vitality as an impact related to emotional health. As a result, focusing illusion between individuals with and without emotional distress causes a positive direction of measurement non-invariance. Future studies should apply cognitive debriefing methods to elucidate this finding.
In this study, we examine the mediating effects of respective emotional distress (anxiety, depression, and somatization) on the association of cancer experience with HRQOL. It is possible that the mediating effects will differ by comorbid emotional distress. Using latent class analysis, a recent CCSS study identified four clusters of emotional distress measured by the BSI-18: asymptomatic, elevated somatization, elevated anxiety and depression, and elevated anxiety, depression, and somatization clusters [36] . Further studies are encouraged to apply the methodology created in this study and the four emotional distress clusters identified by a recent CCSS study to examine the mediating effects of different emotional distress clusters on the association of cancer experience with HRQOL. In addition, to generalize our findings, it is important to test whether the same results would be held in individuals with other chronic conditions. A recent study found that cancer survivors without chronic conditions have better HRQOL across all domains of the SF-36 than those with one non-cancer chronic condition. However, individuals with multiple chronic conditions have the worst HRQOL than that of cancer survivors [37] . Another study also found that emotional distress in individuals with severe chronic conditions such as back pain and chronic obstructive pulmonary disease was significantly higher than that of cancer populations [38] . Future studies should test the mediating effects of emotional distress on the association of chronic conditions with HRQOL. Establishing a link between cancer and HRQOL through emotional distress provides useful insight for designing distress-targeted interventions to improve HRQOL. Several non-pharmacological (e.g., cognitive-behavioral, psycho-educational, and exercise) and pharmacological interventions show effectiveness in improving depression, which in turn improves HRQOL [39] [40] [41] . Apart from research examining cognitive content as a vulnerability factor (i.e., negative thoughts), a promising line of research highlights the role of cognitive biases in the development, maintenance, and release of emotional distress. Cognitive bias modification, an experimental paradigm that uses training to induce adaptive cognitive biases, has demonstrated promising results for managing anxiety and depression, especially with cognitive biases that are stronger for interpretation than for attention biases [42] [43] [44] [45] .
Several limitations of this study are worth noting. First, we only used self-report measures to investigate health outcomes. Future studies might use clinical interviews to evaluate emotional distress to improve the precision of our estimates. Second, we used cross-sectional data to test the direct and indirect effects of cancer experience on HRQOL. Our findings do not infer a causal effect although the literature hypothesizes that Bdisease experience-distress-HRQOL^is a reasonable pathway [46] . Investigating a unique association between emotional distress and HRQOL over time may rule out the concern that HRQOL changes emotional distress. Finally, the current study merely tested measurement non-invariance related to distress symptoms on the responses to HRQOL items. It is possible that measurement non-invariance related to the cancer experience (survivors versus siblings) may occur when responding to HRQOL items. Survivors may change their internal standard in perceiving or interpreting the meanings of HRQOL that is different from the general population. Data collection for the change of internal standard relies on a longitudinal design, and future studies are needed to test these complex pathways.
Conclusions
The effects of the cancer experience on HRQOL are not straightforward. We observed that childhood cancer survivors reported poorer HRQOL than their siblings through the mechanism of emotional distress. Additionally, emotional distress was associated with measurement non-invariance on item responses to HRQOL measures, suggesting that simply comparing HRQOL between survivors and siblings without considering the role of emotional distress might be misleading. Our framework leverages new insights for future research to affirm these mechanisms and develop interventions to improve HRQOL for childhood cancer survivors.
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